In comparison to a triple wavelength procedure, the dual wavelength method for the determination of plasma haemoglobin concentration using the ACA analyzer showed considerable interference with hypertriglyceridaemic (triacylglycerols > 2.3 mmol/1) plasma. By addition of isolated human lipoprotein fractions to normotriglyceridaemic plasma, chylomicrons were identified as a major source of interference with the ACA plasma haemoglobin method, whereas VLDL was without effect up to a triacylglycerol concentration of 5.7 mmol/1. Airfuge ultracentrifugation proved to be a reliable means for removal of interfering lipid. We conclude that the extent of lipid interference with the ACA plasma haemoglobin method is highly dependent on the type of lipoprotein present. An accurate measurement of plasma haemoglobin concentrations in non-fasting plasma can only be ensured after lipid removal through airfuge ultracentrifugation.
Introduction
Plasma haemoglobin can be quantified on the ACA (Du Pont) analyzer using a dual wavelength method. The original application of Golf, Schneider, Friemann et al. (1) involved measuring the haemoglobin absorbance at 540 nm and correcting for background absorption at 600 nm. Recently, the manufacturer modified the procedure to make use of the potentially more specific measurement with filter 9 (577 nm) in combination with filter 10 (600 nm) (2) .
Bilirubin, triacylglycerols, carboxyhaemoglobin and myoglobin were investigated by the manufacturer as potential causes of interference. In the case of plasma triacylglycerol it was claimed that concentrations up to 442.5 mg/dl (5.0 mmol/1) yield an interference below 10%. Since it is well known that clinical chemical assays based on photometric absorption measurements can be affected by hyperlipidaemia (3) we have studied in detail the nature and extent of lipid interference on the determination of plasma haemoglobin concentrations using the ACA SX plasma haemoglobin method and have compared the results with those from an established triple wavelength method (4) .
Materials and Methods
Routine patient blood samples (n = 32) were collected into plastic tubes containing ammonium heparinate (S-Monovette 5.5 ml, Sarstedt, post box 1220, D-51582 Numbrecht, Germany). Plasma was separated by low speed centrifugation at 3000 g for 10 min.
Photometric methods

Comparison method
The triple wavelength comparison method was carried out using a DU-7500 photometer (Beckman Instruments GmbH, Frankfurter Ring 115, D-80807 München, Germany) with automatic calculation of concentration values. Undiluted plasma samples were measured simultaneously at the main wavelength of 578 nm and the two subtraction wavelengths of 598 and 562 nm. The haemoglobin concentration was calculated according to the method of Kahn et al. (5) When absorbance values > 2.0 occurred, the sample was diluted with 2 volumes of isotonic NaCl and results were multiplied by 3.
Test method
The dual wavelength method for measuring plasma haemoglobin concentration on the ACA SX analyzer (Du Pont) was performed according to the manufacturer's instructions. Filter 9 (577 nm) was used for the main wavelength and filter 10 (600 nm) for the reference wavelength (2) . Determinations were performed as single measurements.
! ) This investigation was supported by Du Pont de Nemours (Deutschland) GmbH, Du Pont Straße l, D-61343 Bad Homburg, Germany.
Calibration of the test method
ACA result calculation was defined by the use of calibration factors, with CO and Cl representing the instrument coefficients for slope and intercept in linear calibration procedures. For calibration of the dual wavelength haemoglobin method, these factors have to be set by the following procedure:
1. Enter coefficients for CO and Cl (for option, enter the values as specified in the appendix).
2. Freshly collect at least 10 clear patient hcparinate plasma samples (triacylglyccrol concentrations < 2.3 mmol/1) with plasma haemoglobin values assigned from the triple wavelength method. Triple wavelength haemoglobin values should be in the concentration range between 300 and 1200 mg/1 for these samples. Apply these samples to the ACA measurement in an undiluted fashion.
3. Apply the non-parametric linear regression procedure (6) to obtain slope b and intercept a of the concentration data for these samples, with the triple wavelength method values entered as xvalues and the values of the ACA method as y-values. For the procedure to be applicable, the correlation coefficient r is expected to yield a value > 0.990. 
Performance control
Instrument performance was monitored with the CoS0 4 absorbance test solution supplied by the instrument manufacturer. Performing this dual-wavelength procedure as recommended, we obtained a between-days coefficient of variation of 0.4% (n = 21). With an in-house plasma-derived precision control of 324 mg/1 plasma haemoglobin, the between-days coefficient of variation was 2.1% Human chylomicron and VLDL preparation A pool of fresh lipaemic human plasma from blood donors was used for preparation of human chylomicron and VLDL fractions. Purification was achieved by fractionation according to particle density. One volume of plasma was carefully overlayered with one volume of 9 g/1 NaCl, 0.2 g/1 NaN 3 , 1 mmol/1 EDTA. After centritugation at 30000g for 2 h at 15 °C the pale yellow supernatant (S f > 400, predominantly chylomicrons) was recovered by tube slicing. The infranatant was again overlayered with an equal volume of 9 g/1 NaCl, 0.2 g/1 NaN 3 , 1 mmol/1 EDTA and recentriruged for 16 h at 10°C and a relative centrifuge force of 110 000 g to yield the lipoprotein fraction S f 20-400 (i.e. predominantly VLDL).
Both fractions were recentriruged at their respective density for 1 6 h at 1 1 0 000 g and 1 0 °C and the supernatants recovered by tube slicing. These preparations were then used for the lipid interference measurements. Concentrations of triacylglycerols and cholesterol were 24.1 mmol/1 triacylglycerols and 12.2 mrnol/1 cholesterol in the chylomicron fraction and 21.2 mmol/1 triacylglycerols and 16.8 mmol/1 cholesterol in the VLDL fraction. The size of the lipoprotein particles was determined with a NICOMP 70 laser particle sizer (Particle Analytic Me ger te GmbH, Olpener Stra e 150, D-50933 K ln, Germany).
Other procedures
Lipaemic plasma samples were clarified by flotation of triacylglycerol-rich lipoproteins using an air-driven ultracentrifuge (Airfuge, rotor A 100/30, both from Beckman Instruments GmbH, Frankfurter Ring 115, D-80807 M nchen, Germany). For each sample, two tubes were filled with 175 μΐ of plasma and centrifuged for 20 min at 160000g yielding ca. 250 μΐ of clear delipidated plasma for Hb determination in an ACA micro-cup.
Haemolysates were prepared by addition of a 10-fold excess of cold Na 2 C0 3 -solution (0.1 g/1) to EDTA-anticoagulated human blood samples. After an incubation of 30 min, the solution was sonified with a tip sonicator (Branson Ultrasonic S. A., Chemin du Faubourg-de-Cruseilles 9, CH-1228 Carouge-Geneve, Switzerland) set at medium performance for 3 X 20 s and then filtered through a 0.2 μηι ultrafilter (Schleicher and Schuell, Hahnestra e 3, D-37586 Dassel, Germany).
Triacylglycerol and cholesterol concentrations were determined on a Hitachi 747 random access clinical chemical analyzer (Hitachi Ltd. Instrument Division, 882, Ichige, Katsuta-shi, Ibaraki-ken, 312 Japan) using coupled glycerol 3-phosphate oxidase/peroxidase and cholesterol oxidase/peroxidase photometric tests (Rolf Greiner BioChemica, Wiesenstra e 45, D-65558 Flacht, Germany) with parameter settings as recommended by the reagent manufacturer.
For method comparison, the non-parametrical linear regression procedure of Passing & Bablok (6) was performed using the statistical data analysis software package EVAPAK (7), obtained by courtesy of Mr. W. Bablok (Boehringer Mannheim GmbH, Sandhofer Stra e 116, D-68305 Mannheim, Germany).
Statistical tests for identity of data distribution were performed using the Mann-Wliitney U-test procedure.
Results
Lipid interference in patient samples investigated by method comparison
Plasma haemoglobin concentrations were determined in 32 heparinate plasma samples with triacylglycerol concentrations ranging from 0.62 to 8.00 mmol/1 (median = 3.47 mmol/1) using both the triple wavelength procedure and the ACA plasma haemoglobin method. Plasma haemoglobin concentrations were significantly higher (p < 0.001) when measured with the latter method, yielding values of 60 (40-100) mg/1 [median (16.-84. percentile)] in comparison to 20 (10-30) mg/1 for the triple wavelength method. Furthermore, a poor correlation (r = 0.447, y = 2.0 χ +10 mg/1) was observed between the haemoglobin concentration values obtained using the two different procedures. Triacylglycerol-rich lipoproteins were then separated from the plasma using an air-driven ultracentrifuge, and plasma haemoglobin concentrations were once again determined with the ACA plasma haemoglobin method. The median plasma haemoglobin concentration value after delipidation was 40 (20-50) mg/1 using the ACA method. Although this was still significantly greater (p < 0.005) than the value obtained with the comparison method, there was now a good correlation between the ACA method and the triple wavelength method (r = 0.855, y = 1.0 χ + 10 mg/1).
When the values determined with the triple wavelength method were subtracted from those obtained using the ACA plasma haemoglobin procedure and plotted against the respective plasma triacylglycerol concentrations of each sample ( fig. 1 In each graph, the abscissa represents the triacylglycerol concentration of the native patient plasma sample. The difference between the ACA plasma haemoglobin concentration value and the triple wavelength reference method value is given by the ordinate.
ues were observed with the native plasma. While there is an apparent trend to increased deviation at elevated triacylglycerol concentrations, there is obviously a wide degree of variation in this deviation even at triacylglycerol concentrations around 3.4 mmol/l.
After separation of the triacylglycerol-rich lipoproteins from the plasma, the ACA plasma haemoglobin method displayed only marginally higher values than the triple wavelength procedure irrespective of the triacylglycerol concentration. We thus achieved a substantial reduction of the overall value differences between the ACA plasma haemoglobin method and the triple wavelength method as indicated by a median (16th-84th percentile) difference of 10 (0-20) mg/1 after delipidation compared with a value of 30 (20-70) mg/1 obtained previously. The distribution of the plasma haemoglobin differences for these two populations was significantly different at the p < 0.001 level. Furthermore, the dependence of the differences between the two methods upon the triacylglycerol concentration decreased after ultracentrifugation: the slope was 15.4 (confidence interval 9.82-23.3) before and 5.04 (confidence interval 2.39-9.91) after ultracentrifugation.
Influence of triacylglycerol-rich lipoprotein preparations on the ACA plasma haemoglobin procedure Both VLDL and chylomicrons were isolated from lipaemic plasma by sequential ultracentrifugation. The properties of the isolated human lipoprotein fractions are presented in table 1. As expected, the chylomicron fraction contained particles of a greater size than those in the VLDL fraction.
Increasing amounts of either VLDL or chylomicrons were added to a plasma pool and plasma haemoglobin concentrations were then determined using the ACA procedure. The results were plotted against the respective triacylglycerol concentrations ( fig. 2) . Addition of increasing amounts of chylomicrons to a normotriglyceridaemic plasma sample pool (triacylglycerol concentration = 0.62 mmol/l) led to a linear increase in the ACA plasma haemoglobin concentration value. At a final triacylglycerol concentration of 5.7 mmol/l, the apparent plasma haemoglobin concentration was around 160 mg/1 greater than that of the original sample. In contrast to chylomicrons, addition of VLDL resulted in a much lower interference with the plasma haemoglobin concentration determination. At a final triacylglycerol concentration of 5.7 mmol/l, the ACA plasma haemo- figure 3 . The plot shows that chylomicrons in particular can cause substantial interference with the ACA method, relative to the amount of haemoglobin present. In contrast, the presence of VLDL up to triacylglycerol concentrations of 5.7 mmol/1 did not cause a clinically significant lipid interference. . 3b ). These data confirm the results obtained from figure 2 , showing much greater interference from chylomicrons in comparison to VLDL.
Discussion
Interferences in clinical chemistry instrumentation are easily visualized in the form of so-called interferographs (8) . They offer the potential advantage of arithmetical compensation of the interferant under investigation.
With ACA analyzers, a thorough analysis of several interferants with a number of assays has been published (8), however one limitation was that an artificial lipid mixture was used to generate sample turbidity. Furthermore, no published data exist on the effect of lipaernic samples in the ACA plasma haemoglobin procedure.
It is well known that several mechanisms contribute to the observed interference of lipaemia on photometric absorption measurements. One mechanism is dependent on the presence of turbid, light-scattering sample components (3). These light-scattering phenomena are related to particle properties as defined by radius and criteria of shape. It can therefore be surmised that clinical chemical methods relying on photometric measurement will be differentially affected by different lipoprotein subfractions. Using whole blood as the matrix for haemoglobin concentration determinations, differential interference effects of lipoprotein subfractions have been known for a long time (9) . The aim of this present investigation was therefore to investigate the influence of lipaemia, and in particular, the effect of different lipoprotein species on the measurement of plasma haemoglobin concentration using the ACA haemoglobin method.
In comparison to a triple wavelength procedure, the ACA method showed considerable interference with hypertriglyceridaemic (> 2.3 mmol/1) plasma. There was, however, substantial variation in the extent of this interference even at similar plasma triacylglycerol concentrations ( fig. 1 ). Since light scattering is proportional to the square of the particle volume (10) and therefore to the sixth power of the radius, it is expected that the size distribution of the lipoprotein particles will be important for the extent of the interference observed, Chylomicrons which are synthesized post-prandially in the intestine are the largest lipoprotein particles. Addition of purified chylomicrons to pool plasma caused considerable interference with the ACA method for the determination of plasma haemoglobin concentration. VLDL is synthesized continuously in the liver and carries endogenously synthesized triacylglycerol as well as cholesterol. Although highly heterogeneous, it is generally of smaller size than the chylomicrons (tab. 1). Purified VLDL was found to have no major effect on the determination of plasma haemoglobin concentration using the ACA method up to a triacylglycerol concentration of 5.7 mmol/l.
Since preanalytical phenomena (e.g. sampling artifacts) are of major importance for the determination of the plasma haemoglobin concentration, two threshold values have been suggested (II) for clinical evaluation of a single plasma haemoglobin concentration measurement. In addition to the upper reference limit (100 mg/1), an elevated clinical decision value has been recommended, which has to be considered to exclude the presence of extravasal haemolysis. This value is considered to be 200 mg/1 (11). We therefore investigated the influence of triacylglycerol-rich lipoproteins on plasma haemoglobin concentration values in the low reference range, at the upper reference limit of 100 mg/1, and at a pathological plasma haemoglobin concentration. A plasma haemoglobin concentration value of 100 mg/1 will be falsely classified as pathological, that is, above the clinical decision limit of 200 mg/1, at chylomicron triacylglycerol concentrations > 4.0 mmol/l. The influence of VLDL on the determination of plasma haemoglobin concentration values both within the reference range and at pathological values was found to be minimal up to a VLDL triacylglycerol concentration of 5.7 mmol/l. Furthermore, the statistical evaluation confirms that lipoprotein interference is linear and additive for a specific type of lipoprotein in combination with plasma haemoglobin content. Based on these results we conclude that the extent of the lipid interference is highly dependent on the lipoprotein species present in the plasma samples. Chylomicrons, but not VLDL, exhibit considerable interference in physiological samples. Plasma haemoglobin concentrations can therefore b'e correctly determined in non-fasting, chylomicron-containing plasma using the ACA analyzer only after prior delipidation. Several methods have been suggested for the clarification of hyperlipidaemic samples. These include ultracentriftigation, detergent addition, chemical precipitation, extraction, chromatography, and enzymatic treatment. Most of these involve off-line sample treatment forseparation of lipid constituents, however some methods have been shown to be compatible with the reagents applied in current clinical chemical photometric assays (12) . The present data demonstrate that airfuge ultracentrifiigation is an effective procedure for removal of lipid interference with the ACA plasma haemoglobin determination method. 
Appendix
